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Abstract 
The intensity and the degree of blunting are the main factors which define the working capacity of a grinding wheel. When we 
consider the discrete contact of a grinding wheel with a work piece, the size of the blunting area can be such a factor. The article 
presents a mathematic model to calculate the blunting area of an abrasive grain whereby the main mechanisms of its wear such as 
mechanical and physicochemical phenomena are taken into account. The mechanical wear is studied from the standpoint of the 
kinetic theory of strength, a durability parameter for the abrasive grain is determined; the physicochemical wear is studied from 
the mass transfer theory, and coefficients of chemical affinity with the abrasive material are experimentally defined for the 
assortment of work piece materials. As mechanical and physicochemical wear of abrasive grain depend on the initial size of the 
blunting area, the suggested mathematic model is the first to consider nonlinear back-coupling, taking into account the size of the 
blunting area. The developed mathematic model is a multiple-factor one, which will allow to predict the worn area of the 
abrasive wheel for, and under different technological conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
Different types of the abrasive grains’ wear in grinding are described in detail in scientific literature in the works 
by T. N. Loladze and G. V. Bokuchava [1], L. N. Filimonov [2], L. L. Mishnaevskii [3], E. N. Maslov [4], 
V. A. Nosenko [5], S. Yossifon [6], S. J. Deutsch [7], R. Neugebauer [8], M. P. Hitchiner [9], O. I. Medvedeva [10]  
W. Graham, C.M. Voutsadopoulos [11] and others. All these works contain researches aimed at investigating this or 
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that wear mechanism of the abrasive grain in different technological conditions of grinding done by empiricism-
theoretical methods. It is necessary to state that in the majority of technical literature mechanical and 
physicochemical wear of the abrasive grain in grinding processes are accepted as the main ones, which function 
while grinding the overwhelming majority of  alloys and steels. However, nowadays there are no dependences 
which allow predicting the size of the blunting area of the abrasive grain in different technological conditions. 
 
Nomenclature 
Ma.g.         the weight of the abrasive grain abraded by the interaction with the workpiece  
Ma.g.m       the weight of the abrasive grain abraded by the mechanical interaction with the workpiece 
Ma.g.ph.-ch. the weight of the abrasive grain abraded by the physicochemical interaction with the workpiece 
Ĳc             the durability of abrasive grain by cyclic load 
vw            the speed of the work piece rotation  
Vwh          the speed of grinding wheel rotation  
Dwh          the diameter of the grinding wheel  
dw            the diameter of the workpiece  
nw            the frequency of work piece rotation (the number of turns)  
vSrad         the speed of radial feed of the grinding wheel  
I0             the Bessel function of the imaginary argument  
q              the coefficient of interatomic bonds overstrain  
Mm          the atomic weight of Al2O3  
ȡa            the density of the abrasive material  
ı             the tension in the abrasive grain 
k             the Boltzmann constant  
Tt            the absolute temperature of the abrasive grain (temperature in the interface) 
wa.g.m      the elementary volume of the abrasive material  
T            the period of the grain work 
nwh          the frequency of grinding wheel rotation (the number of turns) 
ȡw           the density of the workpiece material  
ma           the atomic weight of the Al2O3  
m            the atomic weight of the workpiece material  
C0           the limiting solubility of fused alumina in the workpiece material  
lbl.           the size of the blunting area on the abrasive grain  
Daf          the coefficient of the chemical affinity of the abrasive and work piece  
Lɫ           the length of the contact arc of the abrasive grain with the work piece 
V            the volume of the abrasive material outworn by the interaction with the workpiece  
lbl.i-1        the size of the blunting area on the abrasive grain at every previous time point 
2. Research results 
In general, the model of the wear of the abrasive grain in grinding processes which considers different 
mechanisms of its behavior is presented below:  
m ph.-ch.
ɚ.g. ɚ.g. ɚ.g.M =Ɇ +Ɇ          (1) 
Examining the mechanical wear of the abrasive grain as the process which develops in time, the equation of 
durability by cyclic load for conditions of external cylindrical grinding with radial feed [12, 13] is: 
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Then, having defined the elementary volume of the abrasive material wa.g.m, which experiences tension ı and 
separates from the grain in some period of time Ĳc, it is possible to estimate the weight of the abrasive grain which is 
outworn as a result of its mechanical interaction with the work piece taking into account the action period of the 
work Ɍ: 
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If we put Eq. 2 in Eq. 3, we get the general formula to define the weight of the abrasive material which is 
outworn as a result of its mechanical interaction with the workpiece: 
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Very detailed researches were carried out by T. N. Loladze and G. V. Bokuchava aimed at studying 
physicochemical processes which take place in the cutting area. These scientists worked out a formula (5), to 
calculate the size of the abrasive grain weight which is outworn as a result of its physicochemical interaction with 
the work piece [14]: 
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A complex of experiments was carried out to define the amount of the affinity coefficient Daf, the results of 
which allow to estimate the intensity of the physicochemical interaction of the abrasive and work piece [15]. 
Summarizing the research results of the mechanical and physicochemical wear of the abrasive grain in grinding 
processes and putting Eq. 4 and 5 into Eq. 1, we get a new formula to define the weight of the abrasive grain which 
is outworn as a result of the joint action of the mechanical and physicochemical wear: 
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In order to define the size of the blunting area depending on the volume of the outworn part of the abrasive grain 
we can present the abrasive grain in the form of a cone. As a result of geometrical transformations it is seen that the 
size of the grain blunting area at any period of time can be defined using Eq.7: 
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Taking into account Eq. 6, we get an equation to define the size of the abrasive grain blunting area at any time of 
its interaction with the work piece: 
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Figure 1 shows dependencies of the size of the blunting area which were obtained using Eq. 8 and calculated for 
the initial period of the tool work, and also data of other researchers was used. 
It is clearly seen from the figure that the model of calculation of the size of the blunting area considering different 
wear mechanisms is appropriate and can be used to predict the size of the wear of the abrasive instrument in general. 
3. Conclusion 
The developed mathematic model of defining the size of the blunting area of the abrasive grain in different 
technological conditions is: 
x recursive, allows to take into consideration the inverse nonlinear coupling according to the size of the blunting 
area of the abrasive grain which is generated as a result of the previous contact with the workpiece at every time 
point of the abrasive grain work; 
x multiple-factor, allows to take into account a lot of technological conditions of grinding operations and the time  
x of the tool work; 
x complex, allows to take into account different mechanisms of the abrasive grain’s wear.  
The mathematical definition of the blunting area depending on the technological conditions, in which the 
abrasive tool is being operated, will allow predicting the amount of its operational performances [19–22]. 
Fig. 1. The dependency of the size of the blunting ground on the time of the circle working: 
1 – S. N. Korchak’s data – constant [16]; 2 – A. A. Matalin’s data – constant [17]; 3 – A. A. Dyakonov’s data (experiment) [18]; 4 – obtained by 
formula (8).  
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